The Yb 3+ paramagnetic center of the trigonal symmetry (''oxygen'' paramagnetic center T 2 ) in CaF 2 and SrF 2 single crystals is studied by EPR and optical spectroscopy. The Stark level energies of the Yb 3+ multiplets are established from absorption, luminescence and excitation luminescence spectra and the crystal field parameters are calculated. r
Introduction
Optical studies of crystals MeF 2 (Me=Cd, Ca, Sr, Pb, Ba) having the fluorite structure and doped with trivalent rare-earth ions are complicated due to the formation of many paramagnetic centers (PCs) there. Their appearance is due to different mechanisms of the excess charge compensation, conditions of the growth and the following treatment of samples. Identification of the lowsymmetry centers is complicated because different orientations result in the averaging effect. Yb 3+ ions in CaF 2 [1] [2] [3] [4] are the most studied ones from the homologous fluorite series, yet, considerable discrepancies in the interpretation of the optical absorption and luminescence spectra of the PCs still remain, and the Stark structures of these centers are not unambiguously identified. In contrast to fluorite, other MeF 2 crystals do not exhibit many types of PCs, which considerably simplifies identification of the optical lines. Earlier we have studied Yb 3+ PCs of the cubic symmetry (T c ) in PbF 2 [5] , SrF 2 , BaF 2 [6] and Yb 3+ PCs of the trigonal symmetry (T 4 ) in SrF 2 , BaF 2 [6] . Asgrown crystals of SrF 2 and BaF 2 show two Yb 3+ PCs: a cubic one (nonlocal compensation of the excess positive charge) and a trigonal one [1] . In the latter case the excess positive charge is compensated by an additional fluorine ion located in the center of the normally empty cube next to Yb 3+ along a C 3 -axis. By special thermal treatment (hydrolysis or heating to up 8501C in air) this PC may be partially transformed into a trigonal ''oxygen'' PC T 2 , where the oxygen ion substitutes one of the fluorine ions in the nearest cubic environment of Yb 3+ [2] . Thus the number of different PCs in SrF 2 and BaF 2 crystals may be increased to three. This process is controllable providing additional means for identification of the spectral lines. In this manner the preliminary identification of PC T 2 in SrF 2 [7] was carried out. This paper presents results of the subsequent study 
Experimental results and discussion
CaF 2 (SrF 2 ):Yb crystals were grown by the Bridgman method in graphite crucibles in a fluorine atmosphere. Some crystals were subsequently hydrolyzed during several hours according to the method described in Ref. [8] . EPR experiments were carried out on modified an X-band spectrometer ERS-231 (Germany) [9] at 4.2 K. Optical spectra were recorded at T ¼ 2; 77 and 300 K on a home built multifunctional computerized spectrometer [10] . Luminescence in crystals was excited with a xenon lamp of 1 kW power. Excitation spectra of luminescence were corrected for the emission spectrum of the lamp. A cooled photomultiplier was used as a detector.
The as-grown single crystal SrF 2 :Yb 3+ showed EPR of only two PCs with different symmetries:
the cubic one and the T 4 center. After hydrolysis or heating the T 2 center was observed. In CaF 2 :Yb 3+ crystals spectra of cubic, tetragonal and rhombic PCs are observed in addition to the EPR spectrum of PC T 2 . Frequencies of the transitions from the ground state to the lowest level in the excited multiplet and to the next energy level for the PC T 2 in CaF 2 are known from [3] . Other spectral lines due to the PC T 2 were separated by the modulation-phase technique [11] . In SrF 2 the spectral lines due to the PC T 2 were separated by comparing the crystal spectra before and after hydrolysis or annealing. Preliminary data for the PC T 2 in SrF 2 were published in Ref. [7] . In the present paper these data were reconsidered taking into account new information on the spectral lines of the PC T 2 in CaF 2 and on its crystal field potential.
The [3] that the lines 4 and 5 are due to the PC T 2 . Therefore, the spectral lines 3 and 6 are also due to this PC. It is difficult to say the same about the spectral lines 1 and 2. Due to the low intensity of the spectral transitions in the range 9000-9500 cm À1 it is not possible to separate the PC T 2 lines by the modulationphase technique. In order to most accurately determine the frequencies of the transitions 1 and 2, the crystal field potentials for different combinations of the frequencies of the transitions 1 and 2 were calculated. For each of the potentials the values of g-factors were calculated with the obtained wave functions of the 4 G 4 level and then were compared with the known experimental values [3] . As a result, the crystal field potential that fitted the best agreement of experimental and theoretical values of the energy levels, g-factors of the ground 1 G 4 and the excited 4 G 4 states was chosen among the variety of its values. The results are given in Tables 1 and 2 . Tables 1 and 2 .
To interpret the observed optical spectra and gfactors, the energy levels and wave functions of the Yb 3+ ions were calculated by diagonalising the matrix of the Hamiltonian, including the spinorbit interaction and the interaction with the crystal field having the trigonal symmetry (the C 3v group) of the PC T 2 . The matrix was constructed on all 14 states of the 2 F-term. The Hamiltonian and the calculation procedure were analogous to our paper [7] . The best-fit results are given in Tables 1 and 2 . The difference of the crystal field parameters of the SrF 2 crystal (Table 2 ) from those in Ref. [7] are due to the change in the interpretation of some spectral lines. The obtained crystal field parameters decrease as the lattice constant increases. Our studies to be presented in a separate publication show that this tendency holds for the BaF 2 crystal as well. The relations between the parameters show that the field of the PC T 2 is strongly distorted from the cubic symmetry. 
